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RESEARCH MEMORANDUM 


SUMMARY OF LOCATIONS, EXTENTS, 

AND INTENSITIES OF TURBULENT AREAS ENCOUNTERED DURING 
FLIGHT INVESTIGATIONS OF THE JET STREAM FROM 
JANUARY 7, 1957 TO APRIL 28, 1957 
By Martin R. Copp 

SUMMARY 


A summary of the locations, extents, and intensities of turbulent 
areas encountered during a flight investigation of the Jet stream is 
presented. The data were obtained from NACA VGH time-history records. 


INTRODUCTION 


A flight investigation of the jet stream utilizing a Boeing B-4-7 
airplane was ■undertaken by the Air Force Cambridge Research Center 
(ref. l) . The National Advisory Committee for Aeronautics cooperated 
in this flight investigation to the extent of providing instruments for 
measuring the turbulence and the evaluation of the data. A summary of 
the extents of the turbulent areas and the altitudes and times at which 
they were encountered is presented in reference 2 for the period 
October 1955 "to July 1955* This report summarizes subsequent data 
obtained for the period January 1957 to April 1957- 


SCOPE OF DATA AND APPARATUS 


The flight records covered the period from January 7, 1957 to 
April 28 , 1957* The records from 20 flights were obtained mostly over 
the central part of the United States with occasional missions flown 
to the west coast and with some flights over the southeastern part of 
the country. VGH records were not obtained from flights 10, 11, 
and 12 because of instrument malfunctions. Flight altitudes for the 
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separate traverses along or across the jet stream varied from about 
25,000 feet to 42, 000 feet in an attempt to obtain detailed data on 
parameters, such as the wind and turbulence field at a given altitude 
in the jet stream, and also to define the cross section of the jet stream. 
A more detailed description of the tests is given in reference 1. The 
data presented herein represent approximately k^>,000 miles of flight. 

The NACA VGH recorder used to obtain the turbulence measurements is 
described in reference 3 ■ Basically, the instrument contains two pres- 
sure capsules and an accelerometer element to record the time histories 
of airspeed, altitude, and vertical acceleration. However, for this 
investigation, the accelerometer element was removed from the VGH recorder 
and an airspeed cell was installed which permitted reading of airspeed 
fluctuations down to approximately 2 feet per second at the normal 
cruising speed of the airplane. The fluctuations in indicated airspeed 
provided a measure of the longitudinal gust components for use in deter- 
mining the locations, extents, and intensities of the turbulent areas. 

The recorder contained 200 feet of film, and, with the film speed 
of about 3*7 inches per minute used in the present tests, film was avail- 
able for approximately 10^ hours of flight. In general, continuous 

records were taken from the time of take-off to the time of landing. 
One-minute timing marks were impressed on the VGH records as an aid in 
locating the turbulent areas encountered and in computing the total dis- 
tance flown. 


EVALUATION AND PRESENTATION OF DATA 


In evaluating the VGH records, the turbulent areas were defined by 
the portions of the records which contained horizontal gust components 
as measured from the mean flight speed of at least 5 feet per second 
(true airspeed) . This does not infer that, In all portions of a given 
area of turbulence, gust velocities of at least 5 feet per second were 
continuously encountered. Large portions of the areas designated as 
turbulent contained gust velocities of lower magnitude which probably 
were not discernible to the flight personnel. No correction for the 
response of the airspeed system of the VGH recorder was made in reading 
the fluctuations from the records since the detailed lengths and sizes 
of the tubing used in installing the instrumentation were not known. On 
the basis of information available on similar airspeed systems, it is 
estimated that, for the altitude range covered by the present tests, 
the peak velocity values are accurate to within ±5 percent. It is con- 
sidered, therefore, that the airspeed readings provided a consistent 
measure of the horizontal gust intensities for use in defining the tur- 
bulent areas. 
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The locations of the turbulent areas are listed for ‘each flight in 
table I in terms of the elapsed time from take-off. Also given in table I 
are the average pressure altitude and the indicated airspeed of the air- 
plane during the time the turbulence was encountered. The extent of each 
area of turbulence was determined from the time during which the airplane 
was in the turbulent region and the average true airspeed. As a measure 
of the turbulence encountered, the number of true gust velocities equal 
to or greater than 10 feet per second, as well as the maximum true gust 
velocity for each turbulent area, are also tabulated. The times when 
cruising altitude was reached and when descent was started are noted in 
the table for each flight in order to provide a basis for correlating 
the locations of the turbulent areas with other meteorological measure- 
ments taken in the airplane. 


DISCUSSION 


The turbulence encountered during the investigation was generally 
light, as in reference 2, and covered approximately 12 percent of the 
total distance flown. A comparison of the data in table I indicates 
that the most severe turbulence was encountered during flight 27 , on 
March 2 . 9 , 1957- During this flight, the table Indicates that the true 
gust velocities ranged up to 57 feet per second as compared to values 
generally less than 20 feet per second for the remainder of the flights. 
The extent of the turbulence encountered during flight 27 was approxi- 
mately 25 percent of the total distance flown. Although larger areas 
of continuous turbulence were encountered on other flights, for example 
flight 29 , the maximum true gust velocity encountered and the number of 
gusts per mile of turbulent air were considerably less for these turbu- 
lent areas than for the most turbulent areas of flight 27 . 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., Nov. 20, 1957- 
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TABLE I.- SUMMIT OF JET-SCREAM TUHBOLEHCE DATA 


Location of 








turbulence referenced 
from take-off 

Pressure 

Indicated 

Extent of 

Huriber of 
true gust 

Maximum 

true gust 

Renarks 




alrppeed, 

asph. 




Start 


ft 

miles 

velocities 
5io f£s 

velocity, 

fps 

Tine cruise 
began, nin 

Time descent 
began, min 








Time, min 

Time, nin 






Flight 8; January 7, 1957 

155.0 

156.5 

42,000 

262 

12.6 


7 

22.3 

253-5 

175.4 

174.6 

42,000 

£54 

13.0 

— 

7 

Flight 9; January 10, 1957 

68.4 

70.0 

50,000 

328 

14.1 



8 



99.9 

100.5 

54,000 

284 

4.4 



5 

13-5 

157.1 

158.0 

139-6 

54,000 

295 

13.6 



5 

148.2 

149-8 

54, OCX) 

300 

14.2 

” 

7 



Flight 15; January 25 , 1957 

93.5 

99.1 

55,ooo 

330 

5-4 



5 



99.7 

100.1 

55,ooo 

320 

3-8 



5 



112.8 

116.6 

29,000 

£70 

27.8 



9 



126.5 

129.1 

24,000 

336 

21.7 



6 



151.5 

156.0 

25,000 

358 

36.7 

3 

10 



140.5 

144.1 

55,ooo 

283 

30.1 

3 

12 

17-3 

367.1 

147.8 

156.0 

55,ooo 

290 

70.5 

5 

15 

158.0 

153.3 

55,ooo 

254 


— 

7 



162.6 

165.1 

55,ooo 

296 


— 

6 



163.2 

168.9 

35,ooo 

297 

mmWm 

— 

5 



175.1 

180.1 

35,ooo 

297 


2 

10 



214.4 

215 .O 

37,000 

276 

5.6 

” 

7 



Flight 14; January 24, 1957 | 

I65.I 

191-9 

56,000 

288 

60.6 

__ 

6 



262.2 

262.7 

56,000 

284 

4.4 



5 



279.6 

280.0 

56,000 

282 

3.7 



5 

33.4 

4o6.4 

289.5 

291.I 

56,000 

286 

16.0 



8 



551.2 

333.4 

36,000 

285 

18.4 

-- 

7 



Flight 15; January £ 3 , 1957 

65.5 

64.1 

56,000 

304 

8.3 

„ 

5 

34.8 

225.7 

74.9 

80.1 

35,000 

310 

2.3 

— 

6 




Fligh 

t 16; January 27, 1957 




97-4 

100.9 

37,000 

284 

31.3 

— 

8 

17-2 

150.1 

Flight 17 ; February 5 , 1957 

60.8 

61.4 

29,000 

303 

5.5 



5 



75-5 
1 12.6 

76.2 

115.2 

29.000 

56.000 

265 

7-7 

5-0 

— 

l 

22.6 

316.6 

227.8 

250.4 

32,000 

298 

21.5 

1 

12 



Flight 18; February 15 , 1957 | 

21.5 


24,000 

349 

17.1 



6 



50-5 


24,000 

365 

16.1 



7 



55-7 

m I H ■ 

24,000 

355 

37.6 

2 

11 



51-1 

51.5 

24,000 

351 

3.7 

— 

8 

10.3 

95-5 

72-9 

74.4 

27,000 

323 

12.6 

— 

8 

77-2 

77.5 

28,000 

330 

3.3 



7 



82.3 

66.4 

28,000 

334 

36.2 

2 

12 



90.0 

92,5 

28,000 

340 

22.3 

— 

7 



Flight 19; February 16 , 1957 

29-9 

50.2 

34,000 

281 

3.0 



7 



119.0 

120.5 

28,000 

286 

11.4 



8 



195-5 

195.2 

31,500 

298 

14.6 



6 

29.7 

305.5 

241.9 

242.5 

54,000 

254 

3-2 



5 

268.1 

268.9 

35,000 

282 

7.0 



6 



261.5 

285.8 

37,000 

277 

22.5 

— 

6 
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TABLE I.- STOMA5T OF JET-STREAM TURBULEICE BATA - Cor.tir.ued 


Location or 
turbulence referenced 
from take-off 

Pressure 

altitude, 

ft 

Indicated 

airspeed, 

nph 

Extent of 
turbulence, 
miles 

Number of 
true gust 
velocities 
S10 fps 

Maximum 
true gust 
velocity, 
fps 

Remarks 

Time cruise 
began, min 

Time descent 
began, min 

Stars 

End 

Tine, nin 

Tine, nin 

Flight 20; February 20, 1957 

— 

110.0 

111.7 

33,000 

284 

14.5 



7 



116.1 

14^.0 

35,000 

277 

7.1 

— 

6 



177-5 

183.7 

37,000 

253 

50.4 

2 

11 

25.5 

306.2 

232.0 

sy-s 

39,ooo 

2^ 

21.5 

— 

S 



300.5 

302.0 

41,000 

258 

13.0 

— 

6 



Flight 2J; March 9 , 1957 

28.8 

29.4 

33,000 

399 

6.6 

1 

10 



4l.0 

41.7 

34,000 

328 

6.8 

— 

5 



43-9 

50.4 

34,000 

325 

62.0 

2 

10 



54.0 

5fc.9 

36,000 

33C 

9.1 

— 

8 


33*. 7 

62.4 

74.7 

34,0C0 

325 

116.7 

50 

17 



79.7 

80.5 

36,000 

311 

7.6 

— 

7 



110.3 

110.8 

35,oco 

323 

4.3 

— 

5 

■ 


213.4 

214.4 

35.000' 

329 

9.6- 

" 

6 



Flight 24; March 19, 1957 | 

55.7 

36.2 

35, COO 

280 

4.4 



5 



99.6 

103-6 

55,000 

274 

32.3 

— 

8 



112.0 

113-3 

35,ooo 

284 

15.1 

— 

6 



155.5 

160.1 

40,000 

242 

4.7 

— 

5 



164.1 

165.2 

41,000 

242 

9.0 

— 

5 



167.6 

169.O 

41, COO 

246 

11.9 

— 

8 



181.4 

184.4 

36,000 

230 

26.0 

— 

■7 

21.7 

338.9 

190.4 

191.2 

000 

283 

6.6 

— 

5 



211.6 

213.1 

33,000 

262 

12.7 

— 

8 



223.4 

229.3 

3' 7 ,ooo 

272 

33.5 

— 

7 



240.4 

252.4 

37,000 

268 

101.1 

6 

13 



260.3 

260.5 

35,000 

308 

1.9 

— 

6 



297.0 

297.6 

35,000 

292 

5.3 

— 

8 






Flight 27; March 

29, 1957 




80.7 

90.2 

35,000 

284 

81.0 

74 

32 



92.9 

55.7 

36,000 

237 

23.9 

26 

16 



103.2 

115.2 

36,000 

274 

IOC. 7 

— 

8 



121.1 

123.4 

36,000 

280 

19-5 

6 

16 



127.9 

131.2 

36,000 

280 

28.2 

1 

11 



131.3 

143.4 

36,000 

292 

103.7 

85 

5 ! 



157.1 

157.6 

36,000 

278 

4.3 

3 

16 



153.9 

16S.1 

35,000 

291 

80.5 

82 

37 



171.4 

176.6 

36,000 

29C 

46.2 

— 

5 



18c. 6 

185.3 

36,000 

290 

24.3 

— 

8 



185.0 

187.8 

35,000 

289 

24.7 

— 

8 



190.6 

194.2 

35,000 

286 

30. ^ 

— 

5 



154.9 

197.5 

37,000 

280 

23.5 

— 

8 



199-5 

2C0.2 

37,000 

273 

8.1 

— 

6 



206.8 

210.9 

37,000 

269 

34.9 

— 

8 

22.5 

419.2 

217.8 

21-7.9 

37,000 

271 

.9 

— 

6 



219.0 

228.8 

37,000 

27C 

83.1 

23 

17 



235.7 

235.9 

37, COO 

267 

1.9 

— 

6 



242.3 

243.2 

39,000 

270 

3.0 

— 

6 



250.8 

251.5 

39,COO 

270 

4.6 

— 

9 



252.7 

254.6 

39,000 

271 

16.6 

e 

12 



255.6 

256.2 

39,000 

272 

3-1 

— 

9 



256.5 

259.2 

39,000 

269 

5.8 

— 

9 



259.9 

261.3 

39,000 

269 

11.7 

! 

9 



261.8 

263.2 

39,000 

265 

12.4 

— 

9 



264.3 

265.1 

39,OCO 

266 

6.6 

— 

9 



290.9 

291.1 

41,000 

267 

2.6 


9 



335.7 

340.3 

41,000 

250 

9.6 

— 

9 



356.8 

356.9 

41,000 

250 

■ 7 

1 

15 
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Location of 
turbulence referenced 
from take-off 


Time, min Time, min 


Pressure 

altitude, 

ft 

Indicated 

airspeed, 

nph 

Extent of 
turbulence, 
miles 


FI i 

ght 23 ; April 

34,000 

306 

18.S 

34,000 

308 

74.5 

34,000 

30S 

19.7 

34,000 

305 

5.5 

34,000 

£96 

128.7 

36,000 

296 

50.7 

38,000 

280 

91.2 

38,000 

280 

43.7 

33,000 

282 

7.8 

56,000 

292 

6-7 

36,000 

298 

22.5 

36,000 

300 

29.3 

36,000 

296 

34.2 

36,000 

292 

169.4 

36,000 

297 

15.6 

36,000 

298 

22.8 

39,000 

270 

22.8 

40,000 

269 

7-1 

40,000 

277 

64.0 

42,000 

264 

37.1 


Humber of 
true gust 
velocities 
510 fps 


Flight 29 ; April 4 , 1957 


148.1 

36,000 

288 

202.1 

37,ooo 

275 

213.9 

33,000 

274 

230.6 

39,000 

270 

272.7 

40,000 

264 

281.7 

40,000 

261 


Maximum 
true gust 
velocity, 
fps 


Time cruise 
began, mir. 


Time descent 
began, min 


Flight JO; April 8, 1957 


Flight 51 ; April 12 , 


31,000 

336 

66.4 

30,000 

328 

15.1 

30,000 

330 

76.6 

33,000 

315 

4.7 

33,000 

300 

10.1 

33,000 

309 

81.2 

34,000 

300 

13.0 


Complete 
flight not 
obtained 
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SABLE I— SUMMARY OF JET-STREAM TURBUIEHCE DATA - Concluded 



NACA - Langley Field, Va. 
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